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ABSTRACT
We use the complete Sydney-AAO Multi-object Integral field spectrograph (SAMI)
Galaxy Survey to determine the contribution of slow rotators, as well as different types
of fast rotators, to the stellar mass function of galaxies in the local Universe. We use
stellar kinematics not only to discriminate between fast and slow rotators, but also
to distinguish between dynamically cold systems (i.e., consistent with intrinsic axis
ratios< 0.3) and systems including a prominent dispersion-supported bulge. We show
that fast rotators account for more than 80% of the stellar mass budget of nearby
galaxies, confirming that their number density overwhelms that of slow rotators at
almost all masses from 109 to 1011.5M. Most importantly, dynamically cold disks
contribute to at least 25% of the stellar mass budget of the local Universe, significantly
higher than what is estimated from visual morphology alone. For stellar masses up to
1010.5M, this class makes up >= 30% of the galaxy population in each stellar mass bin.
The fact that many galaxies that are visually classified as having two-components have
stellar spin consistent with dynamically cold disks suggests that the inner component
is either rotationally-dominated (e.g., bar, pseudo-bulge) or has little effect on the
global stellar kinematics of galaxies.
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1 INTRODUCTION
The stellar mass function (SMF) of galaxies - i.e., the num-
ber density of galaxies per unit of stellar mass - has become
a key tool for galaxy evolution studies, as its shape and nor-
malization are regulated by the mass assembly history of
galaxies (e.g., Maccio` et al. 2010; Menci et al. 2012; Kang et
al. 2013). With increasing observational data on large sam-
ples of galaxies in both the local and the high-redshift Uni-
verse, considerable efforts have been made to quantify the
overall shape of the SMF for different populations of galax-
ies as well as its evolution over cosmic time (e.g., Ilbert et
al. 2010; Peng et al. 2010; Baldry et al. 2012; Davidzon et
al. 2017). This has also made the SMF the primary tool for
calibrating cosmological simulations of galaxy formation and
evolution (e.g. Genel et al. 2014; Crain et al. 2015; Pillepich
et al. 2018).
The analysis of the SMF is even more powerful when
applied to different galaxy classes, as it encapsulates the
effects of a variety of physical processes on the mass accre-
tion history of galaxies. Thus, it provides important clues on
the mass regimes within which different evolutionary paths
for galaxy transformation are most likely. For instance, the
comparison between SMFs for star-forming galaxies (SFG)
and passive galaxies suggests a faster quenching rate in more
massive galaxies (e.g., Peng et al. 2010; Ilbert et al. 2010).
Among these studies, the study of SMFs of galaxies of
different morphology is a topic of particular interest, as mor-
phological transformation is expected to be intimately tied
to galaxy evolution and accretion history. Disc-like struc-
tures mostly arise from dissipational gas accretion (e.g.,
Fall & Efstathiou 1980), while the formation of spheroidal
structures, including galaxy bulges and ellipticals, has been
widely believed to be related to dissipationless mergers (e.g.,
Cole et al. 2000). Disk mergers also have an impact in
torquing gas to lose the angular momentum in transforming
a galaxy from late-type to early-type (e.g., Gerhard 1981;
Hernquist 1992, 1993; Heyl et al. 1994).
Several independent works have shown that the mass
distribution of late-type (disk-dominated) and early-type
(bulge-dominated) galaxies show distinct differences. The
early-types dominate at M∗ > 1010M, while the late-types
dominate at lower stellar mass (Kelvin et al. 2014; Moffett
et al. 2016a). Despite this, the two classes contribute nearly
equally to the global stellar mass budget of the local Uni-
verse, Ω∗ (Driver et al. 2007; Moffett et al. 2016b). All these
results could implicate that mergers play as important a role
in mass assembly as gas accretion, and dominate the galaxy
evolution in the massive regime.
The underlying assumption of the above scenario is that
visual morphology is able to isolate truly different kine-
matic components, especially components like dispersion-
supported bulges and rotationally-supported disks, which
are directly linked to the merging history of galaxies.
While this assumption was commonly accepted in the
past, the last decade has clearly shown that galaxies with
distinct visual morphology can share similar kinematic prop-
erties. Most early-type galaxies (ETGs) are found to have
a rotational component (e.g., Kormendy & Bender 1996;
Faber et al. 1997; Cappellari et al. 2007; Emsellem et al.
2007, 2011), arguing against the origin of ETGs or mas-
sive galaxies as exclusively (dissipationless) mergers. Non-
rotating galaxies, on the other hand, make up only ≤ 1/3 of
the total ETGs, and are found almost only at stellar mass
M∗ > 1011M (Cappellari 2016; Brough et al. 2017; Graham
et al. 2018).
Therefore, the contribution of the different physical pro-
cesses to the mass assembly history of galaxies is no longer
well understood. While major mergers or multiple minor
dry mergers are necessary for the formation of slow rota-
tors (SRs) (e.g., Naab et al. 2014), fast rotators (FRs) can
be transformed from late-type disks following a continuous
kinematic evolution (Cortese et al. 2016, 2019). Addition-
ally, the bulge component in late-type galaxies can either be
a dispersion-dominated classical bulge arisen from galaxy
mergers, or a rotating system originated from the secular
evolution of disks (Me´ndez-Abreu et al. 2014; Erwin et al.
2015).
The advent of integral-field spectroscopic (IFS) galaxy
surveys is finally helping us to shed some light on this issue,
providing a more physically-motivated approach to inves-
tigate the assembly history of galaxies. Many works have
focused on the relative fraction between FRs and SRs (Cap-
pellari 2016, and references therein), and in most cases lim-
ited to pre-visually-classified early-type galaxies.
In this study, we take a different approach and present
the first investigation of the contribution of different kine-
matic families of galaxies to the stellar mass function in the
local Universe. In addition to presenting the first stellar mass
functions for slow and fast rotators, we split FRs into ‘dy-
namically cold’ FRs (i.e., consistent with intrinsic axis ratios
smaller than ∼0.3) and ‘composite’ rotators (i.e., either thick
disks or bulge-plus-disk objects) to determine their overall
contribution to the stellar mass function. This allows us to
provide new constraints on the mass-dependent contribu-
tion of different physical processes to the whole population
of galaxies.
This paper is structured as follows. We introduce the
dataset in Section 2 and describe the SMF fitting method in
Section 3. We show our results in Section 4 and discuss in
Section 5. A Chabrier initial mass function (IMF; Chabrier
2003) is used throughout the paper. We assume the following
cosmological parameters: Ω0 = 0.3,ΩΛ = 0.7,H0 = 70 km s−1.
2 DATA
Our sample is extracted from the overlap between the SAMI
Galaxy Survey internal full data release (v0.11) and the
Galaxy and Mass Assembly (GAMA) survey (Driver et al.
2011). The SAMI Galaxy Survey targeted 2153 low-redshift
galaxies (z < 0.1) in the 3 GAMA equatorial regions cor-
responding to an area of 144 deg2 in total, using the SAMI
multi-object IFS instrument (Croom et al. 2012) mounted
on the 3.9 metre Anglo-Australian Telescope (Bryant et al.
2015). SAMI fibres are fed to the double-beam AAOmega
spectrograph (Sharp et al. 2006), providing spectral reso-
lutions of R = 1812 for the blue part (3700 − 5700A˚), and
R = 4263 for the red part (6300−7400A˚) of the spectrum, re-
spectively. The SAMI cubes have 50×50 0.25 (0.5×0.5) arcsec2
spaxels along the spatial direction, covering the 14.7 arc-
sec diameter aperture of the SAMI hexabundle (Bland-
Hawthorn et al. 2011; Bryant et al. 2014) and an average
seeing of 2.16 arcsec. The data reduction is described in de-
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Figure 1. The distribution (upper) and the completeness (lower)
of SAMI(obs) in the stellar mass-comoving distance plane. In the
upper panel, the distribution of the SAMI primary sample are
labeld as blue crosses. All galaxies observed by SAMI are la-
beld as black empty circles (SAMI(obs)), except the filler galaxies
(grey points). Galaxies with available kinematics in SAMI(obs)
are shown as orange points. In the lower panel, 1 is assigned
to grids with no galaxy in either SAMI(PS) or SAMI(obs) since
the fraction-weighted incompleteness correction is not applicable
(§3.1).
tail in Allen et al. (2015) and Sharp et al. (2015). We refer
readers to Green et al. (2018) and Scott et al. (2018) for
Data Releases I and II, respectively.
In this work, we focus on the 1896 galaxies included in
the SAMI primary sample (i.e., excluding filler targets), in
the footprint of GAMA as described in Bryant et al. (2015),
and with a lower-limit mass cut at M∗ > 108.2M (hereafter
“SAMI(obs)”, black empty circles in Figure 1) 1. As described
in Bryant et al. (2015), the configuration of SAMI plates is
done to maximize the number of objects observable within
a SAMI field of view, without pre-selection on morphology
or environment. The stellar mass estimation is described in
Bryant et al. (2015), following the spectral energy distribu-
tion (SED) fitting method of Taylor et al. (2011). The un-
certainty introduced by photometric error is around 0.05 dex,
1 We decide to remove 45 galaxies with stellar mass ranging from
107.42 to 108.2M from the original catalog for two reasons. One is
that the statistics is low in this relatively large range (∼0.8 dex).
The second is that the SAMI sample selection for M∗ < 108.2M
is not stepwise and the incompleteness is hard to constrain.
while the intrinsic scatter of colour-dependent M/L is about
0.1 dex.
Visual morphology classification in SAMI has been per-
formed taking advantage of Sloan Digital Sky Survey Data
Release Nine (SDSS DR9; Ahn et al. 2012) g r i colour im-
ages, as discussed in Cortese et al. (2016). Except for 80
unclassified galaxies (“?” in Figure 4) and galaxies without a
consensus in morphology classification (“NA”), 1816 galaxies
have classifications from late-type disks to ellipticals with-
out ambiguity. Briefly, galaxies with early-type morphologies
(round and smooth) or no presence of spiral arms are classi-
fied as ETGs, and the galaxies fulfilling these conditions but
having signs of star formation are excluded. ETGs with disks
are further classified as S0s. Here, we constrain LTGs to be
only visually pure disks/irregular galaxies (late-type spirals,
“LS”) and classify other late-type galaxies with intermediate
types of morphologies as MTGs. Precisely, LTGs (blue) cor-
responds to “LS” in Figure 4, and MTGs (greens) consists
of early-or-late-type spirals (“ES/LS”) and early-type spirals
(“ES”), with ETGs (red to yellow) including all earlier types.
Effective radii (re), ellipticities (), and position an-
gles have been derived using the Multi-Gaussian Expan-
sion (MGE; Emsellem et al. 1994; Cappellari 2002) tech-
nique performed on SDSS r-band images with the code from
Scott et al. (2009) and D’Eugenio et al. (in prep). The
MGE method has been performed to fit the observed surface
brightness profile in terms of the sum of two-dimensional
Gaussians while keeping the position angles of the Gaus-
sians constant and taking the point spread function (PSF)
into account. re is defined as the semi-major axis effective
radius measured from the best MGE fit, and the ellipticity
of the galaxy within one re is the  used in this study.
Stellar kinematics are measured from the SAMI data
by using the penalized pixel fitting code (pPXF, Cappel-
lari & Emsellem 2004; Cappellari 2017) as described in
van de Sande et al. (2017a). 1222 Galaxies in the sample
have stellar kinematic information (aperture uncorrected)
following the criteria of van de Sande et al. (2017b): signal-
to-noise (S/N)>3A˚−1, σobs >FWHMintr/2 ∼ 35km s−1, and
σerror < σobs ∗ 0.1 + 25km s−1 (see van de Sande et al. 2017a)
2. No additional cut on stellar mass or morphology or other
kinematic features is applied. The spin parameter within one
re, λre for each galaxy has been calculated based on Emsellem
et al. (2007, 2011), according to Equation 9 in Cortese et al.
(2016):
λR ≡ 〈R|V |〉〈R
√
V2 + σ2〉
=
∑n
k=1 FkRk |Vk los |∑n
k=1 FkRk
√
V2
k los + σ
2
k
, (1)
where n includes all pixels within re.
To summarize, we focus on 1896 galaxies observed and
selected (“SAMI(obs)”) in total, of which 1816 have certain
morphologies from late to early type, and 1222 have kine-
matic information.
2 Only 28 galaxies have re < HWHMPSF and removing them does
not affect our results.
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Figure 2. The comparison of the SMFs for GAMA and SAMI galaxies obtained using different sample selections and fitting techniques.
Left: The coloured lines show the SMF obtained using a stepwise function for SAMI(obs) (black), the GAMA-I sample defined in §3
(purple), a SAMI-like selection applied to the GAMA-I sample (red) and the SAMI primary sample. The black points show the SAMI
(obs) SMF per bin of stellar mass. Right: The SMFs obtained from fitting a double-Schechter functions for the GAMA-I sample with
and without aperture corrections applied to the stellar mass (red and green) and the SMF from Wright et al. (2017) based on the GAMA
sample with MAGPHYS stellar masses (dotted olive line). For comparison, the step-wise fits for SAMI(obs) and GAMA-I are overplotted
in black and purple. The purple points show the GAMA-I SMF per bin of stellar mass. In both panels, the vertical grey dash-dotted lines
show the lower limit adopted for estimating Ω∗ (see text for more details). The consistency between the solid black line and the SMFs
obtained using different sample selections and/or fitting techniques confirms the reliability of our method and incompleteness correction.
3 METHOD
To derive the SMFs for our sample we use the fitting
tool ‘dftools’ (Obreschkow et al. 2018). ‘dftools’ provides
maximum-likelihood fitting with both Schechter (Schechter
1976) and stepwise (either linear or spline) functions, with
over/under-density estimated and corrected automatically
and iteratively. Similar to other SMF fitting methods, the
package estimates an effective volume for each grid of M∗,
based on a selection function describing the ratio between
the number of galaxies accounted into the fitting and that
in the real Universe, at given M∗ and redshift. However,
since the SAMI galaxies are selected from the GAMA I sur-
vey which consists of 3 different fields (G09, G12 and G15),
the over/under-density correction does not only depend on
redshift but also deviates from field to field. Thus, the max-
imum volume that a galaxy can be observed after density
correction (effective volume Veff) at given stellar mass is dif-
ferent from field to field. To address this complication, in-
stead of running the fitting procedure over the full sample,
we calculate the effective volume for individual galaxies and
incorporate them directly into the fitting. In this section,
we describe our method of correcting for the density inho-
mogeneity and the incompleteness of the sample. We also
compare the SMF derived based on this method with that
from a volume-limited sample and that from previous works.
3.1 A grid-based Veff method
Although ‘dftools’ fits SMFs to datasets without binning the
data, we evaluate the effective volume as a function of stellar
mass and cosmic distance on a fine grid (0.2 dex x 19 Mpc
cells) for practical convenience. We adopt the calculation of
effective volume in Baldry et al. (2012), which is equivalent
to the density-corrected V ′max method in Cole (2011). Prac-
tically, we select galaxies in the GAMA-I DR2 catalogue
(Liske et al. 2015) with M∗ > 109.6M (corresponding to
Mr < −18 mag) as the density-defining population (DDP),
and the effective volume for each galaxy i is given by:
Veff,i =
ρddp(0.004; zmax,i)
ρddp(0.004; 0.095)
, (2)
where ρddp(za; zb) is the number density of DDP between
redshift za and zb, and 0.004 and 0.095 are lower and up-
per redshift limits for SAMI galaxies. Given SAMI’s stepped
sample selection (Figure 1), zmax,i is one of [0.004, 0.02, 0.03,
0.045, 0.06, 0.095]. It should be noted that, to recover the
under-densities and cosmic variance of low-redshift GAMA
regions (Driver et al. 2011), we scale our derived SMFs up
by a factor of 1.13. This factor is applied to match the inte-
grated number density of galaxies with M∗ > 1010M with
that calculated based on GAMA galaxies in the same mass
range within 0.07 < z < 0.19, the value of which is also
adopted as the fiducial density in Wright et al. (2017).
Besides the galaxy distribution in real space, the in-
completeness of the observations is an additional factor that
MNRAS 000, 1–11 (2018)
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needs to be accounted for. The simple approach that we
apply is to modify the effective volumes in grids of mass
and comoving distance by multiplying the original Veff,i by
a completeness factor, described by the fraction of galax-
ies observed in each grid, i.e., NobsNPS , where Nobs and NPS are
the number of galaxies observed and that in SAMI primary
sample, respectively. No correction is applied to grids with
no galaxy in either sample. The distribution of the com-
pleteness factor is shown together with the stepwise-selected
SAMI galaxies in Figure 1. The resulting SMF fitted based
on the SAMI (obs) sample (black) is shown together with
that of the SAMI primary sample (blue) in Figure 2. The
consistence between them for M∗ > 108.5M suggests that
the error in grid-based incompleteness correction (Figure 1)
is negligible.
To assess the reliability of reproducing SMFs based on
galaxies selected from an original dataset, we have performed
multiple experiments with artificial selection functions, and
compared the output SMFs with the one fit from a parent
sample, which consists of galaxies between 0.004 < z < 0.095
with log(M∗/M) > 7.6 + 7.7 × 10−3 · (r/Mpc) − 6.6 × 10−6 ·
(r/Mpc)2 in the GAMA-I DR2 catalog (Taylor et al. 2011).
The above criterion is defined from a binomial fitting to the
peak value in the distribution of M∗ as a function of co-
moving distance r. We find that a stepwise-spline function
with a ‘reasonable’ step width 3 works better than a (dou-
ble) Schechter function in reproducing SMFs. That is be-
cause a stepwise-spline function is a non-parametric model
(in the limit of small enough steps) that is more generic than
Schechter functions, for which there is no straightforward
justification when considering sub-populations of galaxies.
In Figure 2, we show the comparison between the SMF
fitted by double Schechter function based on the GAMA
parent sample (right panel, green dashed), and the SMF fit-
ted by step-wise functions based on the same sample (purple
solid). The difference between the two is <1% in both num-
ber and mass density for galaxies with M∗ > 108.2 M. The
SMF fitted by step-wise functions based on GAMA galaxies
selected according to the same step-series selection crite-
ria of SAMI primary sample (“GAMA(SAMI sel.)”, red) is
also plotted. The differences between the GAMA(SAMI sel.)
SMF and the former two GAMA SMFs are both <2% (6%)
in number (mass) density at the same mass range. This error
from the stepwise selection is numerically smaller than the
1σ uncertainty of fitting (note that this is not an indication
of overfitting since errors can be correlated between different
mass bins).
The stellar mass estimations adopted by the SAMI and
GAMA surveys are slightly different, with the former based
on a g − i colour dependent M∗/Mi (Bryant et al. 2015),
approximating the spectral energy distribution (SED) fitting
method of Taylor et al. (2011) that have been applied to
the latter. The resulting difference in SMF fitting, between
SAMI primary sample (“SAMI(primary)”, blue) and GAMA
galaxies selected by SAMI selection criteria (red), can also
be found in the left panel of Figure 2. The two SMFs match
3 For example, the width should not be smaller than 0.1 dex in
fitting a SMF based on 300 galaxies ranging from 109 to 1012M.
In practice, we adopt a step width of 0.34 dex to make sure that
every step contains >25 galaxies.
each other very well (<2% in both number and mass density)
for M∗ > 109.5M, and the deviation for the less massive
part causes an offset of 8% in number density but less than
1% in mass density, which is very small compared to other
uncertainties contributed by selection function and fitting
errors.
Correction of Eddington bias (Eddington 1913) is a
built-in procedure in ‘dftools’. However, given the low level
of random noise (∼ 0.05dex) in stellar mass estimation prop-
agated from the photometric error, the uncertainty in fit-
ting parameters caused by not considering Eddington bias
is small relative to that of the fitting itself, which is esti-
mated by Laplace approximation, equivalent to performing
bootstrap iterations of resampling in most cases (for details,
see Obreschkow et al. 2018).
We find a total value of Ω∗ = 1.41 ± 0.10+0.36−0.29 × 10−3
relative to the critical density, calculated by integrating the
mass density of galaxies with 108.5 < M∗/M < 1012, where
the second uncertainty components come from the system-
atic uncertainty of 0.1 dex on stellar mass estimation based
on g- and i- band photometry (Taylor et al. 2011). The dif-
ference caused by not applying aperture correction for stellar
mass estimation (green dashed vs. orange dash-dotted in the
right panel of Figure 2) is ∼ 4.4% in this mass range. Given
the value of Ω∗ = 1.61 × 10−3 by integrating the “bolomet-
ric” SMF of Wright et al. (2017) in the same mass range,
the difference between our value and that from other works
(Wright et al. 2017, and references therein) can mostly be
explained by the difference in sample selection and fitting
methods.
To summarize, despite the marginal difference caused
by using different stellar mass catalogues, the reliability of
our method in correcting the selection function and other
incompleteness has been demonstrated by the consistency
between the SMF estimated based on the GAMA-I sample
and that of galaxies observed by SAMI. Given that our main
goal is to compare SMFs and contributions to Ω∗ for different
types of galaxies (i.e., relative differences), small systematic
effects in the normalisation do not significantly affect our
main conclusions.
3.2 An application on stepwise SMFs divided by
morphology
We apply the grid-based Veff method described above in de-
riving SMFs divided by morphology. Morphological types
are defined in the previous section, and include ETGs (ellip-
ticals and S0s), MTGs (mainly early spirals), and LTGs (late
spirals). The fraction of galaxies that are morphologically
classified is higher than 97%. Practically, we correct this
incompleteness by weighting Veff by the fraction of galax-
ies with certain morphologies in grids defined in §3.1. Only
marginal differences would be found if no correction was ap-
plied.
We show our fitting curves together with the weighted
number density in Figure 3, with coloured regions show-
ing 1σ error of the best-fit curve. Consistent with what has
been found in statistical studies based on visually-classified
morphology (e.g., Kelvin et al. 2014; Moffett et al. 2016a),
from low to high stellar masses, the morphology of galaxies
becomes more and more spheroidal, with a transition mass
between disk-dominated and spheroid-dominated galaxies at
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Figure 3.Upper panel: The SMFs for all our SAMI observed sam-
ple (black solid line), and for individual classes of visual morphol-
ogy (from ETG in red to LTG in blue). We show the best-fitting
function for bins with more than 4 galaxies. The dotted lines show
how the result would change if we included only galaxies with
available kinematic information. The sum of the SMFs of all fit-
ting curves is shown by the black dashed line. Lower panel: The
fraction in the number density of different classes at given stellar
mass. The vertical dashed line shows the completeness limit in
stellar mass when comparing galaxies of different kinematic type,
same as that in Figure 5b. Our SMFs for different morphological
classes are qualitatively consistent with previous works.
around 1010M. It is hard to give a quantitative comparison
with other studies, given the different techniques/datasets
used to perform visual classification. However, our results
qualitatively agree with the SMFs of “Spheroid Dominated”
and that of “Disc Dominated” in Kelvin et al. (2014) and
Moffett et al. (2016a) if LS and ES/LS labeled in Figure 4
are taken as “Disc Dominated” galaxies.
4 SMF DIVIDED BY KINEMATIC TYPES
In this section, we focus on the SMF as a function of kine-
matic classes to explore the mass budget of each kinematic
type to the whole galaxy population. This can allow us to
gain insights into the different physical processes responsible
for (re)shaping the stellar orbits during the assembly history
of galaxies. We use the spin parameter (λre ) and ellipticity
() plane to define different families of objects. We adopt
the separation between FRs and SRs from Cappellari (2016)
(black frame in Figure 4), and we consider galaxies without
available kinematic information (i.e., observed by SAMI but
not fulfilling the quality cuts for stellar kinematic, “nokin”s)
as a separate type.
In order to distinguish FRs with low and high spin at
fixed ellipticity, which we refer to “FR−” and “FR+”, respec-
tively, we use the predicted relation presented by Binney
(2005, see also Equation 14-16 in Cappellari 2016). In par-
ticular, given that the anisotropy of a FR is bounded by
a relation of the form δ ≈ βz = 0.7 × intr (Cappellari et
Cappellari2016
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Figure 4. The distribution of spin parameter (λre ) and ellip-
ticity () for the 1222 galaxies with reliable kinematic informa-
tion. Galaxies are coded by morphological type in colour and
stellar mass in size. The black frame on the bottom left shows the
separation between fast and slow rotators defined by Cappellari
(2016), while the solid magenta line shows the theoretical predic-
tion for the edge-on view of galaxies with constant anisotropic fac-
tor δ = 0.7× intr (Cappellari et al. 2007). A galaxy with intr = 0.7
viewed from different inclination angles outlines the segment be-
tween  of 0 and 0.7 on the magenta dashed line, which is selected
to be the separation between FR+s and FR−s.
al. 2007), FRs with λre higher than predicted at a given
intr are more isotropic than those below such a threshold
4. Thus, we use a value of intr = 1 − 0.3 = 0.7 (dashed ma-
genta line in Figure 4) to divide ‘dynamically cold’ systems
(FR+) from slower axis-symmetric rotators (FR−). This is
equivalent to assuming an ideal model of a galaxy with in-
trinsic  of 0.7 and viewing it from different inclination an-
gles. The separation line then corresponds to the different
projections, according to Equation 12 in Cappellari et al.
(2007, see also Binney & Tremaine 1987, Section 4.3). This
cut is roughly consistent with the typical threshold separat-
ing visually late-type spirals from composite systems and/or
bulges (see also Weijmans et al. 2014; Foster et al. 2017)
The plane used for our kinematic selection is shown
in Figure 4, with morphological types shown in different
colours. Besides a general trend from late-type dominant
to early-type dominant with decreasing λre , it is also evi-
dent that FRs consists of all morphological types, while SRs
are mainly ellipticals or S0s with stellar mass greater than
4 For a detailed calculation, see Equation B1 in Emsellem et al.
(2007) and Equation 12-16 in Cappellari et al. (2007). We adopt
κ = 1 as the conversion factor between V/σ and λR. The changing
of κ value from 0.97(van de Sande et al. 2017b) to 1.1 does not
affect our conclusion, simply shifting the mass fraction of 4% from
FR+ to FR− if the same intr cut is adopted.
MNRAS 000, 1–11 (2018)
SMFs of different kinematic classes 7
1011M. This minority and mass preference of SRs is con-
sistent with previous works focusing on fractions of galaxies
with different kinematics (e.g., Brough et al. 2017; van de
Sande et al. 2017b; Graham et al. 2018), and a larger por-
tion of the mass budget from FRs compared to SRs is also
expected.
In Figure 5, we compare the incompleteness-corrected
SMFs for all FRs and SRs (a), and for the three kinematic
classes selected above (FR+, FR−, SR). The SMF for galax-
ies without kinematic information are plotted as grey lines.
Due to the small number statistics of SRs, which causes
the fit not make much physical sense, we show only number
densities for SRs. The fraction of each population at given
stellar mass is also shown in lower panels.
From Figure 5a, it is clear that the number density
of FRs overwhelms SRs for most stellar masses covered
by SAMI, with SRs matching the fraction of FRs only at
> 2× 1011M (see also Khochfar et al. 2011; Emsellem et al.
2011; Greene et al. 2017, 2018; van de Sande et al. 2017b;
Brough et al. 2017). We should note that this transition
mass looks systematically lower than that found in Graham
et al. (2018, Figure 13) based on MaNGA galaxies. It is
plausibly because we assume a unified Chabrier IMF for all
galaxies throughout the study, which may lead to an under-
estimate of stellar mass for massive dispersion-dominated
galaxies (Cappellari et al. 2012). Nevertheless, conversely to
what is observed in the case of visual morphology between
late- and early-type galaxies, there is no apparent transition
point in population dominance between FR and SR classes
below 1011.3M. This difference results from the broad over-
lap in kinematic properties between galaxies with different
morphological type, which can already be seen from Fig-
ure 4.
This difference between morphological and kinematic
classification is even more dramatic if we determine the con-
tribution of different kinematic classes to Ω∗ by integrat-
ing the SMF for different classes for M∗ > 109.7 M, which
roughly corresponds to the stellar mass at which our com-
pleteness in stellar kinematics drops below ∼80%. We find
that ∼82% of the stellar mass in the local Universe is hosted
in FRs, whereas only ∼14% is harboured in SRs, the re-
maining ∼7% is hosted in galaxies for which a kinematic
classification was not possible.
As shown in Figure 5a, the fraction of galaxies with
no kinematic information increases with decreasing stellar
mass, and practically dominates our sample below M∗ ∼
109.5 M. This makes it unclear whether FRs dominate the
whole galaxy population down to the low-mass end. To push
the constraint of the ratio of FRs to SRs down to 109M,
we introduce the assumption that low-mass SFGs should be
FRs. This is based on the expectation that star formation
takes place in disks and it is supported by the fact that SRs
are expected to be produced mainly by gas-poor mergers
(e.g., Lagos et al. 2018a,b) and hosted by low specific-star-
formation-rate (sSFR) galaxies (Naab et al. 2014). More-
over, star-forming galaxies at this low-mass end are known
to have relatively high angular momentum compared to their
baryonic mass (Butler et al. 2017).
Specifically, we assume galaxies with
∆(SFR) = SFR − SFRMS > −1 dex to be FRs, where SFR
is star formation rate taken from the multi-wavelength
observation based MAGPHYS catalog (Davies et al. 2016;
Table 1. The percentage of the mass budget for different classes
of kinematics for galaxies. Comparisons are presented for the same
galaxies with seeing correction applied based on Graham et al.
(2018).
fΩ∗ (M∗ > 109.7M) FR FR+ FR− SR nokin
original (this work)
(solid in Figure 5a) 82% 27% 55% 14% 4%
with seeing correction (FR)
of Graham et al. (2018) 82% 57% 25% 14% 4%
with seeing correction (all)
of Graham et al. (2018) 88% 57% 31% 8% 4%
fΩ∗ (M∗ > 109M)
original 79% - - 14% 7%
with FRs complemented
(dashed in Figure 5a) 84% - - 14% 2%
Driver et al. 2018), and SFRMS are for galaxies on the star
formation main sequence (SFMS) defined by a broken linear
power law approximation 5. The effect of this correction
to the SMFs and relative fraction of FRs in our sample is
shown by the blue dashed lines in Figure 5a. As expected,
the fraction of FRs becomes flat down to 109M, and
contribution of FRs to the stellar mass budget of the local
Universe increases to 84%.
In Figure 5b, we present the SMFs and relative frac-
tions obtained by splitting FRs into two different kinematic
classes as described above. These two classes show a simi-
lar stellar mass distribution, with FR− clearly dominating
in number for M∗ > 1010.2M. It is less clear what happens
for M∗ < 109.7M: while FR− seem to still be the dominant
population until 109.5M, the number of galaxies with no
kinematic information becomes significant and we cannot
exclude that the decrease in the SMFs of FR+ is simply an
incompleteness effect. Regardless, by integrating the SMFs
of the two classes we find that FR− harbour nearly a factor
of ∼2 more mass than FR+ (i.e., 55% vs. 27%).
It is interesting to compare visual morphology with
kinematic classification. As shown in Figure 5b, at stel-
lar masses where late spirals give way to the early types
(M∗ ∼ 1010 M), there is still a good fraction of dynamically
cold galaxies (FR+) which are generally visually classified
as two-component galaxies. This indicates that dynamically
cold galaxies defined from their kinematics are much more
predominant than their morphological counterpart, i.e., the
LTGs.
To test if this conclusion varies with the changing of
our separation between FR+ and FR−, we check the ratio
of the number of visually classified LTGs (NLTG) and MTGs
(NMTG) as a function of stellar mass and the threshold used
to define the two classes: i.e., 0.6, 0.7 (this work) and 0.8
5 Our SFMS is log(SFR) = 0.99 log(M∗) − 9.89 for M∗ < 1010M,
and log(SFR) = 0.23 log(M∗) − 2.29 for M∗ ≥ 1010M. This agrees
with Guo et al. (2015) and Popesso et al. (2019) in corresponding
M∗ − z range, and the selection guarantees a fraction of > 96%
galaxies with kinematic information to be FRs.
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Figure 5. Left: SMFs divided by kinematic types for FRs and the number density for SRs. The solid black line shows the SMF for
the full sample, and gray symbols galaxies without available kinematic information. FRs are indicated in blue and SRs in red. As in
Figure 3, points are average number density in each mass bin and best-fitting curves shown only for mass bins with more than 4 galaxies
The fraction between populations at given stellar mass (in logarithm) are shown in lower panels. The blue and grey dashed lines in both
panels show the change introduced by assuming that all star-forming galaxies with no kinematic information are FRs. Right: Same as
left panel, but separating FRs+ from FRs-. The fractional distribution of morphological types is also shown for reference. In the right
panel, the vertical dashed line sets a lower M∗ limit above which we can make an unambiguous comparison between populations. FRs
dominate the whole galaxy sample until 1011M with “warmer” FR−s overwhelming “colder” FR+s at M∗ > 1010M, and most of massive
FR+s are contributed by non-LTG galaxies.
(Figure 6). As expected, FR− are dominated by visually
classified MTGs across nearly the entire mass range investi-
gated here (M∗ > 1010.2M), for stellar masses greater than
∼ 1010M the majority of FR+ would be visually classified
as MTGs. While the exact value of the ratio NLTG/NMTG
varies as a function of the threshold used to separate the
two kinematic classes, our overall conclusions are not quali-
tatively affected.
A potential issue affecting our result is the effect of
beam smearing on the estimate of λre . This could artifi-
cially reduce the value of stellar spin parameter, enhancing
the importance of slow rotating systems for the stellar mass
budget of the local Universe. To test the potential effect of
beam smearing, we apply the Se´rsic-index dependent see-
ing correction presented by Graham et al. (2018). Although,
technically, this correction is suitable only for FRs, we also
check that our results do not change in case we blindly apply
this correction to all our sample. The results are shown in
Table 1. While, as expected, the relative contribution of FR
and SR to Ω∗ is almost independent of any beam smearing
effect, the situation is more complicated for the two classes of
fast rotators. Once the Graham et al. (2018) correction is ap-
plied, the role of FR+ and FR− is reversed, with FR+ galax-
ies becoming the dominant population. While this would
further reinforce our argument that dynamically cold disks
are considerably more important than suggested by visual
morphology, the change by almost a factor of two in the
contribution to Ω∗ of different classes of FRs highlights the
challenges in interpreting individual estimates of stellar spin
at face value.
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Figure 6. The ratio between the number of LTGs and MTGs
as a function of stellar mass in groups of FR+ and FR−, with
changing intr in separating dynamically-cold systems from fast
rotators. MTGs always occupy a good fraction of massive FR+s,
no matter how “cold” this group is defined to be.
5 DISCUSSION AND CONCLUSION
In this paper, we have tested our ability to accurately re-
construct the SMFs for the SAMI Galaxy Survey, prop-
erly taking into account all the selection effects included in
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the original sample selection and the observations. We have
quantified for the first time the SMFs for galaxies showing
different stellar kinematic properties. We confirm that fast
rotators (FRs) are the dominant population at almost any
stellar mass. FRs contribute ∼ 80% to the total stellar mass
budget, with the ratio between FRs and SRs decreasing with
increasing stellar mass only for M∗ > 1010.5M. At least one-
third of the stellar mass harbored by FRs is found in systems
with kinematic properties consistent with the thinnest rotat-
ing disks, with rotators having low stellar spin starting to
dominate at M∗ > 1010M. This is clearly in contrast with
the equal contribution of spheroidal and disk components to
the stellar mass budget of the local Universe as argued from
visual morphology studies (Moffett et al. 2016a,b).
In our study, SRs that are believed to be mostly gener-
ated from (dissipationless) mergers (e.g., Jesseit et al. 2009;
Naab et al. 2014; Lagos et al. 2018b), are confirmed to take
up to only < 20% of the mass density, with most of them
found in galaxies with M∗ > 1010.5M. This minority sug-
gests that the processes which completely destroy ordered
rotation play a small part in the mass assembly of the av-
erage galaxy in the local Universe, and only have effect on
galaxies with M∗ > 1010.5M.
The spin of a regular rotator is intrinsically correlated to
its intrinsic ellipticity (Cappellari et al. 2007). Therefore disk
thickening and the formation of a classical bulge will cause a
decrease in λre (e.g. Cappellari et al. 2013; Cappellari 2016,
and references therein), making a galaxy move downwards
from the group of FR+ to FR− in Figure 4. While the bulge
formation could also take place at earlier times than the
build-up of disk in the early assembly history of a galaxy
(van den Bosch 1998; Lilly & Carollo 2016; Woo, & Ellison
2019, see also van de Sande et al. 2018), nevertheless, the
fact that the ratio between FR− and FR+ seems to increase
with mass for M∗ > 1010M implies that the processes that
efficiently thicken a disk and/or form a classical bulge are
mostly efficient in this mass range.
It is also interesting to note that, for M∗ > 1010 M, the
number density of FR+ surpasses that of late-type spirals,
with the trend of FR+ fraction with stellar mass similar to
that of MTGs (typical two-component galaxies) in morphol-
ogy. While works based on visual morphology suggest that a
stellar mass of ∼ 1010 M is a transition mass between bulge-
and disk-dominant galaxies, our results seem to imply that
many galaxies which are morphologically classified as mul-
tiple component systems including a “bulge” are still as dy-
namically cold as late-type spirals. In other words, a signifi-
cant fraction of the two-component galaxies are disks when
using a global kinematic estimator such as λre . The FR+
fraction decreases for stellar masses larger than ∼ 1010.5 M,
most likely because of the increasing emergence of both disk
thickening and/or the dissipationless processes creating clas-
sical bulges and/or SRs.
Lastly, we remind the reader that our classification of
FR+/FR−, i.e., dynamically-cold/two-component disks, is
based on the distribution of λre as a function of  of galaxies,
without applying any kinematic decomposition of the veloc-
ity field such as those introduced by Tabor et al. (2017) and
Rizzo et al. (2018). The next step for this type of study is
to start separating different kinematic components within
galaxies and to quantify their contribution to the stellar
mass budget in the local Universe. This should provide bet-
ter constraints on the different physical processes regulating
the mass growth of galaxies as, at this stage, we are sensitive
only to processes significantly perturbing the global stellar
velocity fields. Given that both observational (Tabor et al.
2017, 2019; Rizzo et al. 2018) and theoretical (Scannapieco
et al. 2010; Martig et al. 2012; Wang et al. 2019; Zhu et al.
2018) works have clearly shown that photometric and kine-
matic decomposition do not always agree, we cannot blindly
rely on 2D bulge-to-disk decomposition if we aim at improv-
ing our reconstruction of the accretion histories of nearby
galaxies.
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